Dr. P. Ellinger: I fully agree with Dr. Waterlow that the condition he has described has nothing to do with real pellagra and I regret that by some authors it has been called infantile pellagra. Amongst hundreds of pellagra cases which I saw in Egypt in 1937 and 1938, as far as I can remember, there were no children below 4, the critical age of the nutritional liver disease. I examined in numerous villages of the Delta parts of the population selected at random. Amongst the people examined were numerous small children below 4 all of whom were free but pellagra was very frequent amongst children between 4 and 10 years.
I was also allowed to examine the post-mortem reports of the Department of Pathology of the Faculty of Medicine of the University of Cairo for reports on pellagrins. They were not very numerous but I could not find any remark on liver damage found in these pellagra post-mortems.
Some Renal Effects of Experimental Dietary Deficiencies
By H. HELLER, M.B., Ph.D., and S. E. DICKER, M.D. Dr. H. Heller. Liver lesions may be produced experimentally by feeding proteindeficient diets and it has been recently suggested that hepatic poisons act ultimately by reducing the supply of protective protein derivatives to the liver. Now many of the toxic factors which produce liver damage also give rise to lesions of the kidneys. The question arose, therefore, whether chronic protein deficiency may damage the kidney as well as the liver.
Following this idea it was decided to ihvestigate the kidneys and the water metabolism of animals fed on various protein-deficient diets. The diet first used was modelled on the type of food which, in concentration and prison camps, has frequently been reported to lead to hypoproteinmmia and oedema, namely a proteindeficient vegetable diet of low calorific value. The supply of this diet which consisted essentially of raw turnips, starch, fat and adequate amounts of vitamins, was not restricted but its calorie value was so low that the amount eaten per animal per twenty-four hours provided only one-third of the number of calories supplied by the control diet. Other rats received a diet of the same composition but with fresh carrots taking the place of fresh turnips. These diets, while containing less than 0 9% of vegetable protein, contained sufficient amounts of choline to eliminate a -deficiency of that substance.
Adult rats fed on the protein-deficient vegetable diets lost weight rapidly (about 35% of the initial body-weight in forty days). The mean plasma protein level fell from 7-6 to 4-7 grammes/ 100 c.c. in the same time. Externally there was little amiss. There was no diarrhoea. A sudden increase in body-weight occurring after a period of steady loss of weight was interpreted as due to accumulation of cedema fluid. The presence of ascites was subsequently verified in some of these animals. Ascites could also be frequently induced by giving 5% of the animal's weight of water by stomach tube. Diuresis experiments showed that only about half of the normal amount of water was excreted in the urine, thus confirming this tendency to water retention. Measurements of urinary specific gravity showed moreover thLat rats on the protein-deficient vegetable diets, where given 5 c.c. water/100 g. body-weight, were unable to dilute the urine to the same degree as before the institution of the experimental diet. Nor could such animals, where deprived of water for twenty-four hours, concentrate the urine as efficiently as normally, suggesting the possibility of renal tubular impairment.
This simple method of investigation can hardly be said to yield unequivocal evidence as to the functional state of the kidney. However, the application of renal clearance methods gave the following picture of kidney function in the rats on the protein-deficient turnip diet: The inulin clearance (used as a measurement of the rate of glomerular filtration) was significantly higher than in normal animals. It bore no clear relation to the plasma protein level but was significantly correlatedwith the rate of urine flow. The latter finding suggests that the rise of the filtration rate was not due to an increased permeability of the glomerular capillaries. The absence of protein in the urine of rats on the protein-deficient turnip diet agrees with this. Diodone clearances at high plasma diodone levels showed a pronounced decrease of the rate of tubular diodone secretion in the majority of the rats on turnip diet. It is difficult to ascribe the lowered rate of diodone secretion to anything but an impairment of renal tubular function. This interpretation was also adopted by Earle, Taggart and Shannon (1944) who observed similarly low values for diodone secretion in cases of human chronic glomerulo-nephritis.
The lowered capacity for tubular diodone secretion was not the only pathological feature of the kidneys of rats on "turnip diet". Histologically demonstrable lesions were present in the kidneys of many of these animals and the same type of injury was found in many of the rats on "carrot diet". The lesions consisted of necrosis and calcification of the broad limb of Henle's loop, the glomeruli and other parts of the tubules showing no apparent changes. However, there was no correlation between the incidence or severity of the lesions and the results of the diodone clearance tests, which suggests that the two phenomena should be regarded as different pathological entities.
The histological picture seen in these kidneys was quite different from the hxemorrhagic lesions produced in very young rats by choline-deficient diets (Christensen, 1942; Engel and Salmon, 1941) . However, it resembled markedly the lesions produced by feeding small amounts of racemic serine to rats on proteindeficient diets (Morehead, Fishman and Artom, 1944) . The latter observation confirms older work on the nephrotoxic effect of certain amino-acids (Newburgh and Curtis, 1928; Cox, Smythe and Fishback, 1929) . It seems of particular importance in-suggesting that a protein-deficient diet may lead to a diminished resistance of the kidneys to the injurious effects of "nephrotoxic" substances. It may well be that a similar mechanism underlies the production of the renal lesions observed in our rats. A similar phenomenon is well known in connexion with hepatic injuries. For instance, Miller and Whipple (1940) have shown that the hepatotoxic action of chloroform increases as protein stores decrease.
The hypothesis that the low calorie turnip or carrot diet diminished the resistance of the kidney to the necrotizing action of some unknown constituent (a particular amino-acid for instance) contained in the vegetables may thus explain the occurrence of renal lesions in our rats but it is by no means the only possibility. It seems equally possible that the renal lesions occurred because the vegetable protein administered lacked one or several of the essential amino-acids. Or again they may have been due to the insufficient supply of protein as such and to the resulting severe hypoproteinemia. Finally, the low calorific value of the experimental diets must not be forgotten. The accelerated breakdown of endogenous protein and the increased production of their metabolic end-products may not be irrelevant.
A series of rats were fed on a diet which contained only 0 5% of casein, i.e. approximately as little protein as the vegetable diets. However, the starch content of this diet was higher and the animals lost weight more slowly than the "turnip rats". Renal function tests were performed when the degree of hypoproteinmmia became comparable to that in the animals on the vegetable diets. They showed the following results: The rate of glomeruler filtration was comparable to that of the turnip rats in that it was raised and correlated with the urine flow. Diodone clearances showed in many cases a much decreased rate of tubular secretion, again the same finding as in the turnip animals. However, histological investigation of the kidneys failed to show the typical necrotic lesions. These findings suggest once more that the impairment of renal tubular secretion, found in both types of protein-deficient diets, is not related to the histological findings. (This lack of relationship is perhaps not very surprising considering the view of Smith and his school that diodone is secreted by the proximal tubules and considering that the necrotic lesions found in our rats were limited to the broad limb of Henle's loop.) The results obtained in the "low casein" series suggest further that the low plasma protein level, as such, was not the main determinant for the occurrence of renal lesions in the rats which had been fed on the vegetable diets. However, a relative deficiency of "essential" amino-acids in these animals has not been excluded. It is one of the xtiological factors which still await investigation.
animals. The mean decrease of solids in the plasma amounted to 25 4%, that in the liver to 19 0%, but that in the muscle to 6 0% only. In other words, the increase in the total water content of muscle was much smaller than that in plasma or in the liver.
On the assumption that the cell membranes of rat muscle are impermeable to chloride, it is possible to calculate the extracellular fluid phase. By these means it could be estimated that the extracellular fluid phase of muscle of control rats amounted to a mean of 14 0 ml./100 grammes, that of the "dry" rats kept on the protein-deficient vegetable diet to 410 ml./100 grammes and that of the rats witb visible cedema, fed on the same vegetable diet, to 55 0 ml./ 100 grammes.
It is thus clear that there was no essential difference between the two groups of hypoproteinmmic rats and that the "dry" animals suffered from occult cedema. It is therefore not surprising that the presence of visible cedema had no bearing on the outcome of the renal clearance tests.
